and (101 ̅ 2) lattice planes are shown. Symmetric ω scan on (0002) plane is used for investigating the screw-type threading dislocation density and asymmetric ω scan on (101 ̅ 2) plane is used for edge-type threading dislocation density investigation (Table 1) . Table S1 . XRD reciprocal space mapping calculations are tabulated. The free-standing lattice constants (a0/c0) and elastic constants of AlxGa1-xN are calculated using Poisson-Vegard's law with bowing parameter correction. Figure S3 . In-plane strain of GaN, AlxGa1-xN, and AlN obtained from XRD reciprocal space mapping are demonstrated. For sample A and B, from the AlN layer to the AlxGa1-xN layer the inplane strain first decreases from positive (tensile), crossing the zero line (strain-free), and then become negative (compressive). Finally the in-plane strain returns to positive (tensile) due to the growing of the GaN layer. Sample A has a thicker GaN layer than sample B, which results in the higher in-plane tensile strain of the GaN layer. Without any AlxGa1-xN buffer layer, the GaN inplane tensile strain of sample C is investigated to be the largest one.
